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Abstract

This study applies a hon-invasive and multi-system measurement approach (using salivary
analytes) to examine associations between the psychobiology of the stress response and affective
behavior in toddlers. Eighty-seven two-year-olds (48 females) participated in laboratory tasks
designed to elicit emotions and behavior ranging from pleasure/approach to fear/withdrawal.
Saliva samples were collected pre-task and immediately post-task, and assayed for markers of
sympathetic nervous system (alpha-amylase or sSAA) and hypothalamic-pituitary-adrenal axis
(cortisol) activity. Individual differences in SAA were positively associated with approach
behavior and positive affect; whereas, cortisol was positively associated with negative affect and
withdrawal behavior. The findings suggest that individual differences in SAA may covary
specifically with positive affect and approach behaviors or the predominant emotional state across
a series of tasks. The results are discussed with respect to advancing biosocial models of the
concomitants and correlates of young children’s affective behaviors.

Introduction

In the developmental literature, there is increasing evidence that specific aspects of
temperamental reactivity are associated with individual differences in the psychobiology of
the stress response during childhood (e.g., Buss, Goldsmith, & Davidson, 2005; Gunnar &
Quevedo, 2006; Kagan, Reznick, & Snidman, 1987, 1999; Lupien, King, Meaney, &
McEwen, 2000). Historically, research attention has focused on the physiological correlates
and concomitants of behavioral inhibition (e.g., Garcia-Coll, Kagan, & Reznick, 1984;
Rubin, Nelson, Hastings, & Asendorpf, 1999) and, its corollary, exuberance/uninhibited
behavior (e.g., Pfeifer, Goldsmith, Davidson, & Rickman, 2002; Fox, Henderson, Rubin,
Calkins, & Schmidt, 2001). Over the past decade, studies have begun to narrow the scope of
this focus to examine relationships between the specific, affective behaviors associated with
inhibition (e.g., withdrawal behaviors, shyness, and fearful or anxious responses to the
unfamiliar) and exuberance (e.g., intense positive affectivity, high approach behaviors to
novel stimuli) and physiological arousal/regulation (e.g., Buss, Davidson, Kalin, &
Goldsmith, 2004; Buss, Goldsmith, & Davidson, 2003; Davidson, 2001).

In parallel, within developmental science more generally, a consensus opinion has emerged
that challenges scientists to create conceptual models that integrate measures of multiple
biological systems, and to assess the co-regulation of affective behaviors and physiology in
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social contexts (e.g., Bauer, Quas, & Boyce, 2002; Granger & Fortunato, 2008).
Investigators have responded to this challenge by non-invasively measuring individual
differences in the activity of the two main components of stress psychobiology, sympathetic
nervous system (salivary alpha-amylase; sAA) and hypothalamus-pituitary-adrenal (cortisol)
axis activity in saliva. So far this approach has yielded intriguing individual differences in
the relationships among sAA and cortisol, and characteristics of the immediate social
environment, including infant-mother attachment (Hill-Soderlund et al., 2008), maternal
insensitivity (Kivlighan, Granger, & Blair, 2005), maltreatment (Gordis, Granger, Susman,
& Trickett, 2007), and social exclusion (Stroud et al., in press) as well as internalizing and
externalizing problem behavior (EI-Sheikh et al., 2008; Gordis et al, 2006). In the present
study, we extend this endeavor by employing this “new” multi-system approach to
investigate the links among individual differences in SAA activity, cortisol activity, and
specific affective behaviors during the toddler period

Sympathetic Nervous System and Affective Behaviors

When examining associations between temperament and sympathetic nervous system (SNS)
activity, researchers have focused on two dimensions of affective behavior-- approach and
withdraw (e.g., Nigg, 2006; Gray, 1982). Approach behaviors involve a willingness to move
toward stimuli perceived as being either an incentive or rewarding, and are strongly
associated with extraversion and positive affect, and in extremes, externalizing behavior
problems. Conversely, withdrawal behaviors involve a preparedness to move away when
stimuli are viewed as unrewarding or uncertain and are associated with negative affect (fear,
anxiety, sadness), neuroticism, and in excess, internalizing behavior problems. The
neurological mechanisms underlying the approach and withdrawal systems suggest they are
separate yet related systems with different developmental trajectories; the approach system
develops sooner than the withdrawal system (Putnam & Stifter, 2002). Research exploring
EEG asymmetry highlights the uniqueness within each system. Withdrawal behaviors have
been associated with greater relative right frontal EEG asymmetry (Buss, Malmamstadt,
Dolski, Kalin, Goldsmith, & Davidson, 2003) while approach behaviors have been linked to
greater relative left frontal EEG asymmetry (Potegal, Goldsmith, Chapman, Senulis, &
Davidson, 1998). Relationships between physiological indices and approach/withdrawal
behaviors reflect how interconnected the systems are. Specifically, while increases in HPA
activity are related to behavioral inhibition (Kagan, Resnick, & Snidman, 1988; Kalin,
Shelton, Rickman, & Davidson, 1998; Buss et al., 2004), decreases in HPA activity have
also been associated with anger, an approach behavior (Buss & Goldsmith, 2007). However,
both approach and withdrawal behaviors have been associated with SNS influenced heart
rate activity (Beauchaine, Gatzke-Kopp, & Mead, 2007; Buss et al., 2004).

Recently, there has been renewed interest in the integration of SAA into behavioral,
developmental, and health-oriented research as a surrogate marker of SNS activation. A
series of studies causally linked levels of SAA to the SNS component of the stress response
(e.g., Chatterton, VVogelsong, Lu, Ellman, & Hudgens, 1996; Chatterton, Vogelsong, Lu, &
Hudgens 1997; Skosnik, Chatterton, Swisher, & Park, 2000). That is, levels of SAA increase
under both physically (e.g., exercise, heat and cold stress) and psychologically (e.g., written
examinations) stressful conditions known to increase plasma catecholamines (Chatterton et
al., 1996). Stress-related increases in SAA can be inhibited by adrenergic blockers (e.g.,
propranolol) and adrenergic agonists (e.g., yohimbine) are capable of stimulating SAA
release (Gallacher & Petersen, 1983; Speirs, Herring, Cooper, Hardy & Hind, 1974). To the
best of our knowledge, only a few studies have assessed the effects of stress or challenge on
SAA in young children (see Granger et al., 2006) and no studies have yet employed SAA to
explore more fine grained and specific relationships between individual differences in SAA
activity and child emotionality or approach and withdrawal behaviors.
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As the depth of knowledge about such relationships so limited, we review the literature
utilizing cardiovascular indices of SNS activity, preejection period (PEP), and affective
behaviors in an attempt to justify the nature of questions asked in the present study. PEP is
the time (in milliseconds) between the onset of the ventricular contraction and the opening
of the semilunar valve in the heart, and is considered a relatively “pure” measure of SNS
influence on heart rate (e.g., Bernston, Cacioppo, Binkley, Uchino, Quigley & Fieldstone,
1994). Shorter PEP is associated with more SNS activity. At least one study with adults
confirms the expected relationship that shorter PEP in response to stress correlated with
increased SAA reactivity (e.g., West, Granger, Kivlighan, Psota, & Hurston, 2006). Some
research and theory suggests that SNS activation plays a key role in withdrawal behaviors
(e.g., Cannon, 1928; Kagan et al., 1987; Kagan, 1994). Withdrawal behaviors, characteristic
of a fearful temperament profile, were associated with faster resting PEP measured during a
subsequent laboratory visit (Buss et al., 2004). Decreases in PEP from a resting period were
associated with withdrawal behaviors (fear and sadness) in 3 to 8-year old children during
emotional challenges (e.g., Alkon et al., 2003); yet, other work fails to find associations
between PEP and affect during emotion tasks (e.g., Buss et al., 2005; Quas, Hong, Alkon, &
Boyce, 2000; Oosterman & Schuengel, 2007). Recently, Beauchaine and colleagues (2007)
presented evidence that faster PEP is associated with reward seeking, approach behaviors.
Taken together these findings suggest that SNS activation, as measured by PEP, underlies
both approach and withdrawal behaviors. Beauchaine (2001) proposed that during
environmental stressors, SNS activation is necessary for a person to modulate energy
resources that facilitate approaching as well as withdrawing from stimuli. In addition, Nigg
(2006) speculated that SNS activity may relate to overall arousal in the form of joint
activation of both approach and withdrawal behaviors. Thus, it appears possible that
individual differences in SAA may be associated with approach behaviors, withdrawal
behaviors, or both. Clearly, it would be an advance to more specifically delineate when, if,
and for whom, SNS activity (e.g., SAA) is associated with approach behaviors, withdrawal
behaviors, or overall arousal.

Multi-System Measurement of the Psychobiology of the Stress Response

Nigg’s (2006) model, like many others (e.g., Bauer et al., 2002; Granger & Fortunato,
2008), calls for a multi-operational and multi-system measurement of biological processes in
behavioral research. The assessment of biological analytes in saliva has enabled researchers
to do so non-invasively, in ecologically valid social contexts, and in special populations (i.e.,
young children). This study assesses two salivary analytes that mark the activity of the main
components of the psychobiology of stress-- the HPA axis and SNS. Cortisol is the primary
product of the HPA axis (e.g., Kirschbaum & Helhammer, 1994). Although not entirely
consistent, literature reveals that individual differences in cortisol levels and stress-related
reactivity are associated with behaviors related to psychological distress, social inhibition,
and negative emotionality (e.g., Stansbury & Gunnar, 1994; Uchino, et al., 1996; Granger,
Stanbury, & Henker, 1994; Buss et al., 2004). However, a few studies have linked individual
differences in HPA axis activation to uninhibited and exuberant behaviors (de Haan,
Gunnar, Tout, Hart, & Stansbury, 1998; Donzella, Gunnar, Krueger, & Alwin, 2000; Tout,
de Haan, Kipp-Campbell, & Gunnar, 1999).

In addition, there is mounting evidence that SAA activity is positively correlated with the
acute SNS stress response in children and adults (e.g., Gordis et al., 2007; Hill-Soderlund et
al., 2008; Nater et al., 2006; Rohleder, Wolf, Mablonada, & Kirschbaum, 2006). Unlike
most salivary analytes that are actively transported or passively diffused into saliva from
plasma (e.g., cortisol, testosterone), SAA is an enzyme that is locally produced in the oral
mucosa of salivary glands. The salivary glands are innervated by sympathetic and
parasympathetic nerves and salivary secretions from glands (e.g., parotid, submandibular,
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and sublingual) arise in response to neurotransmitter activation. This suggests that SAA is a
prime candidate to specify autonomic activity (Garrett, 1999; Nater et al., 2005). Moreover,
studies by Chatterton and colleagues have linked SAA to the SNS component of stress
response (e.g., Chatterton, VVogelsong, Lu, EIman, & Hudgens, 1996; Chatterton,
Vogelsong, Lu, & Hudgens, 1997). Specifically, these studies suggested that plasma
norepinephrine concentrations associated with the stress response of the locus ceruleus/
autonomic nervous system in humans can be estimated via concentration of SAA. There
remains large gaps in our knowledge regarding which particular affective behaviors are
associated with SAA activity in young children.

Further, Bauer, Quas and Boyce (2002) propose that the coordination between HPA and
SNS activity in response to stress has implications for predicting individual differences in
social behavior. In Bauer and colleagues’ additive model, the HPA and SNS contribute
independently. It is assumed that adaptation to stress is optimal when there is a medium
level of arousal, when both systems show moderate activity, or when one system has high
activity and the other system has low activity. Problem behavior resultes when SNS and
HPA activity are both either low or high. Conversely, in the interactive model, adaptation is
optimal when arousal across systems is balanced, such that both systems have either high or
low activity. Aberrant behavior results when these systems are dissociated, with either high
HPA and low SNS activity, or low SNS and high HPS activity, in response to stress.

Three independent studies employing SAA and salivary cortisol support Bauer and
colleagues assumptions (El-Sheikh et al., 2008; Gordis et al., 2006, 2007; Stroud et al., in
press). For example, Gordis, Granger, Susman and Trickett (2006) reported that interactions
between cortisol and SAA predicted externalizing behavior problems. The highest levels of
aggression among adolescents were associated with low cortisol reactivity and low sAA
reactivity (low-low, supporting the additive model), and early adolescents showing the
lowest levels of agreession had high cortisol reactivity and low sAA reactivity (low-high,
again supporting the additive model). Also, El-Sheikh and colleagues (2008) reported a
similar pattern of results -- the high (cortisol)-high (SAA) pattern was linked to internalizing
symptoms. Moreover, the lowest levels of internalizing and externalizing problems were
found among children with lower cortisol and higher SAA activity, (or higher cortisol and
lower SNS activity). Collectively, these findings imply that our understanding of the links
between affective behavior and HPA axis activation in early childhood may be incomplete
because these associations may be moderated by concurrent activity of the SNS.

The Present Study

The present study is unique in that it tested the joint and independent relationships between
SNS and HPA activity with affective behavior during the toddler period. Toddlers were
observed in the lab during challenge tasks designed to elicit behaviors and emotions ranging
from approach behaviors and positive affect to withdrawal behavior and negative affect.
Saliva, later assayed for SAA and cortisol, was collected before and immediately after the
challenge tasks. Specifically, we speculated that the relationship among SNS activity, HPA
activity, and affective behaviors in toddlers would reveal three potential patterns. One
possibility was that individual differences in SNS and HPA activity would show parallel
relationships with affective behavior. In this case, we speculated that pre- and/or post-
challenge sAA and cortisol activity would be associated with negative affect and withdrawal
behavior. Alternatively, it is possible that HPA activity co-varies with specific affective
behavior, but SNS arousal parallels the frequency or intensity of the predominant affective
behavior in this context. Thus, in contrast to cortisol, it may be that SAA pre- and/or post-
challenge series SAA activity covaries with affective behaviors that are most frequent or
intense, regardless of valence (i.e., “differential fractionation,” Stern et al., 1980). A third
possibility is that SAA activity reflects overall physiological arousal, and therefore, SAA
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levels will not be associated with any particular affective behavior, but with the total amount
of affective behaviors. Finally, following Bauer and colleagues (2003) theoretical model,
and the recent findings by our colleagues (Gordis et al., 2006; Stroud et al, in press; El-
Sheikh et al., 2008), we hypothesized that individual differences in SAA levels would
moderate the relationship between cortisol and the affective behavior.

One-hundred and eleven toddlers (M = 24.05 months, SD = 1.52) and their primary
caregiver participated in a laboratory visit embedded within a larger study of emotional
development. Typically developing, healthy, toddlers and their families were recruited, via
letter, from local, published, birth announcements. Participants were primarily Caucasian
(93% Caucasian, 3% African American, 1% Hispanic, 2% Asian American, and 1%
American Indian) and middle class (mean Hollingshead index = 48.65, range = 17 to 66),
with a relatively equal number of boys (n = 62) and girls (n = 49). The 87 children included
in these analyses (46 girls) were a subset who donated sufficient saliva sample volumes (at
least 50 ul) for cortisol assays pre-task and at two post-task times. After the cortisol assays
were complete, 54 toddlers had sufficient residual sample volumes (at least 10 ul) to be
assayed for SAA (n = 26 girls). Comparisons of toddlers who did and did not provide pre-
task and post-task saliva samples showed no statistical differences (p < .05) between groups
in positive affect, negative affect, approach, or withdrawal.

Families were contacted and consented by letter, filled out a packet of questionnaires (not
used in the current analyses), and invited to a child development laboratory in a small city in
the Midwestern United States for a 90 minute assessment session. Upon arrival the parent
completed a short interview with the primary female experimenter about expectations of
their toddler’s behavior and provided information about their toddler’s health and sleep
patterns for that day. The primary female experimenters conducted all sessions and were
graduate students and research staff trained by the fourth author on all procedures. The
experimenter then collected a saliva sample from the toddler (see below). Next, toddlers
participated in a series of tasks modified from the Toddler and Preschool Laboratory
Temperament Assessment Battery (Lab-TAB: Goldsmith et al., 1994; Buss & Goldsmith,
2000) and provided a second saliva sample at the conclusion of the task series. A third saliva
sample was collected 20 minutes after the conclusion of the laboratory visit. Mothers were
present for all activities but the experimenter instructed her not to initiate interactions with
her toddler and to remain affectively neutral. Activities were ended early if either the mother
or the experimenter felt the child was becoming too distressed (e.g., hard crying for 30 sec
or more); however children rarely became extremely distressed.

Challenging tasks—Toddlers participated in a series of 12 tasks. Each of the tasks
lasted between 2 and 5 minutes and were completed in one of two laboratory rooms with
dimensions approximately 4 x 3.75 meters. The first task was the modified Risk Room
paradigm designed to assess behavioral inhibition when given opportunities to play with
novel toys (see Buss et al., 2004). The room contained a tunnel (3 meters), a balance beam

IThe larger project from which the current study data are drawn was designed to examine both individual differences in emotional
reactivity as well as contextual difference across the tasks. Given specific hypotheses about context-effects in the larger project, a
counterbalancing of particular episodes was necessary. Toddlers were randomly assigned to 1 of 4 episode orders. Only the novel or
higher threat tasks were counterbalanced (i.e., spider, robot, stranger interactions, puppet show, and clown). Risk room was the first
episode during the visit for all toddlers because we wished to maximize the novelty of the lab room for that task. There were no
significant effects of episode order on any of the variables used in the current study.
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(1 meter), a large black box (approximately 1x1 meter) with painted eyes and a mouth
opening, and a rubber Gorilla mask placed on a wooden stand (approximately 1 meter high).
Three of the tasks involved the toddlers interacting with unfamiliar adults (trained
undergraduate psychology students); Stranger Approach (a short conversation with a male
stranger while the child played with toys), Stranger Working (an unfamiliar female stranger
completing paperwork in the corner and did not initiate interaction with the toddler), and a
Clown (an energetic female clown wearing a wig and nose who invited the toddler to play
catch with beach balls, blow bubbles, and play with musical instruments). In these three
interactions with unfamiliar adults, the toddler was in the room with his/her mother and the
unfamiliar adult.

Three other episodes involved interactions with novel objects; a Robot (an 8in tall,
unpredictable robot moving in a corner for 30 seconds before an experimenter enters and
asked the toddler to touch the robot), a Spider (a .5m., black spider attached to a remote
controlled car approached the toddler twice before an experimenter invites the child to touch
the spider, e.g. Buss & Goldsmith, 1998), and a Puppet Show ( stuffed elephant and lion
puppets invited the toddler to play catch, go fishing, and take a sticker). During these
interactions with novel objects, the toddler was alone in the room with his/her mother and
the objects.

Toddlers also participated in two joy/exuberance episodes with a familiar female
experimenter; Balls in Baskets (a game of quickly throwing six brightly colored playground
balls into a laundry basket) and Cascade Tower (cars going down a wooden ramp). A Free
Play episode in which the toddler was alone in the room with his/her mother and the toys (3
minutes) was also included to assess children’s activity level and low-intensity pleasure. The
additional two episodes assessed inhibitory control through games with the primary female
experimenter; a Snack Delay task (children waited varying amounts of time before taking a
snack that their mother selected — M&Ms, goldfish, or raisins) and Tower of Patience (turn
taking game using 15 large blocks).

Behavioral Assessment

Raters viewed each videotaped episode and separately evaluated negative affect, positive
affect, withdrawal, and approach using a 5-point Likert scale [1 = no affect/behavior shown,
2 = one or two displays of low intensity affect/behavior, 3 = many long displays of low
intensity affect/behavior, 4 = a few intense displays of affect/behavior, or consistent display
of low intensity affect/behavior, 5 = display of affect that lasts the whole episode or long
displays of intense affect]. Positive affect scores were determined by the presence and
intensity of the following behaviors: facial pleasure/smiling, laughter, and positive
vocalizations or statements. Negative affect scores were determined by the presence and
intensity of the following behaviors: facial fear, facial sadness, negative vocalizations or
statements, and crying. A negative affect code of “5” was given for any episode which was
ended early due to toddler distress. Approach scores were determined by the presence and
intensity of the following behaviors: approaching stimuli, boldness/surgency, exuberance,
and controlling the situation (i.e., changing the activity in some way). Withdrawal scores
were determined by the presence and intensity of the following behaviors: shyness,
hesitancy, withdrawal from stimuli, escape/leaving room, and avoidance of activity/
interaction. For each task, 15% to 20% of cases were double coded, and discrepancies of
more than 1 point were resolved by a master coder. Inter-coder reliability was calculated
using intra-class correlations for each behavior and ranged from 0.62 to 0.89 for negative
affect, 0.66 to 0.82 for positive affect, 0.77 to 0.86 for withdrawal, and 0.66 to 0.89 for
approach. To reflect each child’s expression and experience across all 12 tasks, behavior
ratings were aggregated for each target behavior. The positive affect and approach behavior
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aggregated ratings were significantly correlated, (r = .72, p < .001); while, negative affect
was significantly associated with withdrawal behaviors, (r = .52, p <.001).

Although we were primarily interested in overall levels of positive affect, approach,
negative affect, and withdrawal behaviors across the entire visit, we confirmed that by
design, the episodes elicited the expected behaviors from toddlers. Examining the pattern of
means for each behavioral code across the episodes revealed that negative affect (M range
1.23 to 2.74) and withdrawal (M range 1.27 to 2.96) were highest for the Spider, Robot, Risk
Room, and the Stranger episodes. In contrast, positive affect (M range 1.85 to 3.22) and
approach (M range 2.05 to 3.17) were highest for Puppet Show, Free Play, Balls in Basket,
and Snack Delay.

Saliva Collection and Preparation

Parents were asked to restrict their toddlers” consumption of food or drink for at least thirty
minutes prior to donating saliva samples. Saliva samples were collected using the 1 x 4 cm
cotton swab from the Salivette device (Sartstedt, Newton, NC). To encourage participation,
toddlers were allowed to mouth the cotton roll after dipping it into sugar crystals. After
collection samples were kept cold until the end of the visit when they were frozen at —50°.
On average, the pre-task sample was collected at 11:38 am (SD = 3:11) and immediate post-
task sample at 12:35 pm (SD = 3:41). Sample collection time was statistically controlled in
all analyses.

Determination of Salivary Analytes

All samples were transported on ice to the Behavioral Endocrinology Laboratory at Penn
State University and stored frozen at —80°C until assayed for cortisol and SAA. On the day
of testing, all samples were centrifuged at 3000 rpm for 15 minutes to remove mucins.

Alpha-Amylase (sAA)—Samples were assayed by a kinetic reaction assay (Salimetrics,
State College, PA) employing a chromagenic substrate linked to maltotriose (Granger et al.,
2007). The enzymatic action of SAA on this substrate yields 2-chloro-p-nitrophenol, which
can be spectrophotometrically measured at 405 nm. The amount of SAA activity present in
the sample is directly proportional to the increase (over a 2 minute period) in absorbance at
405 nm. The test used 10 pL of saliva, results are computed in U/mL of SAA, and average
intra-and inter-assay coefficients of variation (CV) are less than 10%.

Cortisol—All samples were assayed for salivary cortisol using an enzyme immunoassay
US FDA (510K) cleared for use as an in vitro diagnostic measure of adrenal function
(Salimetrics, State College, PA). The test used 25 L of saliva, had a range of sensitivity
from .007 to 3.0 pg/dL, with average intra-and inter-assay CVs less than 5% and 10%,
respectively.

Data Transformation

As in previous studies (e.g., Gordis et al., 2006), salivary analyte distributions were strongly
(cortisol) and modestly (SAA) skewed in a positive direction. Cortisol distributions were
subject to natural log transformation; and SAA distributions to square-root transformations
(Tabachnick & Fidell, 2001). The transformations normalized the data, and resulted in
skewness statistics of less than .35 for all the cortisol and SAA distributions. After
transformation, statistical outliers (< or > 3 STDEVs) were identified and recoded to the
next highest value in the respective distribution. Transformed values were utilized in the
statistical analyses but ug/dl (cortisol) and U/mL (SAA) units are presented in the text, table,
and figures for descriptive purposes.

Dev Psychobiol. Author manuscript; available in PMC 2009 December 1.
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Results

Preliminary and Descriptive Analyses

T-tests and bivariate correlations (p < .05) were computed to determine demographic,
procedural, behavioral, or health-related factors to include as covariates in the main analyses
in which sAA and cortisol were dependent measures.? These analyses revealed pre-task SAA
scores were positively associated with time since waking, r (39) = .47, p <.01, and toddlers
whose mothers reported they were “Warm or flushed” had higher sAA levels (M = 8.06;
SD=.63) than toddlers who were not feeling this way (M =5.60; SD = 1.62) at the time of the
assessment session, t (37) = 2.60, p < .05. All subsequent analyses involving pre-task SAA
covaried these factors.

Next, for each salivary analyte a 2 (gender) by 2 (pre-task, post-task) mixed model ANOVA
was computed with sampling time included as a repeated measure. Consistent with the
diverse nature of the episodes, there were no main or interactive effects for either SAA or
cortisol. However, an individual difference approach revealed that 56.9% of the toddlers’
SAA levels increased, and 31.4% decreased, by at least 10% from pre- to the immediate post
task samplings. By comparison, 39.2% of the toddlers’ cortisol levels increased, and 51.0%
decreased, by at least 10% from pre- to the immediate post task samplings. Table 1 presents
means and standard deviations for SAA and cortisol by sample collection time. Within each
sample collection time, SAA, and cortisol were not correlated.

Finally, we computed descriptive statistics to characterize the overall behavioral landscape
across all of the tasks. As can be seen in Figure 1, the most prevalent behaviors were
approach (M = 2.78, SD =.11) and positive affect (M = 2.41, SD = .10) with negative affect
(M =1.78, SD =.10) and withdrawal (M = 2.14, SD = .11) being relatively less common
across the entire visit.

Pre-task sAA, Cortisol, and Affective Behavior

Regression equations were constructed to test the association between pre-task SAA and
cortisol levels (separately) with each of the four behavior ratings scales as predictors.
Covariates were entered in a first step and the behavior ratings were entered stepwise (p
entry = .05). The analyses revealed that pre-task SAA levels was associated with positive
affect (P=.28, t(47)=2.66, R?=.08, p<.05) and approach (B=.40, t(47)=3.00, R2=.15, p<.01).
As expected, positive affect and approach behaviors were highly correlated r(71)=.52 ,p <.
001. Therefore, in follow-up analyses, we tested the main and interactive effects of these
behavioral variables (both standardized) on pre-task SAA levels using a multiple regression
approach. After adding the covariates, only approach was associated with SAA levels, p =.
30, t (43) = 2.05, AR?=.06, p < .05. Interestingly, the interaction between approach and
positive affect was associated with pre-task SAA levels, p = .35, t (43) = 2.76, p < .01,
accounting for 11% of the variance. As recommended by Aiken and West (1991), the
interaction was plotted (see Figure 2). When positive affect was low, approach behavior was
not related to SAA pre-task levels. When positive affect was high and approach behavior
was low toddlers had the lowest pre-task SAA levels. In contrast, when positive affect and
approach were both high toddlers had the highest pre-task SAA levels. By contrast, pre-task
cortisol levels were related only to the intensity of negative affect (B = .31, t (76) = 2.87, R2
=.10,p<.01).

2Sample time of day and order of task series were not associated with cortisol or SAA levels. Sample time of day and order of task
series were included in all regression analyses, but were removed from all models because they revealed non-significant associations.
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Post-task sAA, Cortisol, and Affective Behavior

Next, parallel regression equations were computed predicting post-task SAA and cortisol
from the four behavior ratings. As expected, these equations revealed that negative affect (B
=.27,t(83) = 2.53, R 2=.08, p < .01), and withdrawal behaviors (§ = .20, t (47) = 1.88, R?
=.05, p <.06) were associated with post-task cortisol levels. Negative affect and withdrawal
were highly correlated r (73) = .72, p < .001, and, as above, we tested the main and
interactive effects of these behavioral variables (both standardized) on post-task cortisol.
There were no main or interactive effects of affective behavior ratings on post-task sAA.
With both negative affect and withdrawal in the model, only negative affect had a main
effect on cortisol levels, p = .65, t (61) = 3.45, AR?=.09, p < .001.

sAA and Cortisol Symmetry or Asymmetry: Relation to Affective Behavior

Following the logic of Bauer and colleagues (2002), each of the affective behaviors
including positive affect, approach, negative affect, and withdrawal were regressed
separately on baseline SAA and cortisol (both standardized), and on their interaction. There
was a trend that the interaction between pre-task SAA and cortisol was associated with
toddler’s approach, f= —.28, t (43) = —2.00, p =.05, accounting for 8% of the variance.
When levels of pre-task SAA were high and cortisol levels were low, toddlers' displayed
(slightly) less frequent and intense approach behaviors than if both pre-task SAA and cortisol
levels were low.

Specific Affective Behavior or Simply Overall Affective Arousal?

A series of regression analyses tested the alternative hypothesis that overall arousal may be
related to SAA activity. An overall, mean, behavioral arousal variable was computed by
aggregating the global, affective behavior scores during each task and computing the means
across the entire task series for each child. Also area under the curve (AUC) of the
aggregated global, affective behaviors scores across the task series for each child was
computed using the trapezoid formula with respect to ground (Pruessner et al., 2003). The
formula is X [tj*(m;+mj4+1)/2], where t is the interval between task i and task i+1, m is the
aggregated level of the global behavior scores during task i for the overall AUC arousal
variable, or m is the behavior score for each affective behavior. Regressions were computed
using mean levels of behavioral arousal and AUC behavioral arousal as predictors, and SAA
and cortisol as the dependent variable. Equations were constructed by first entering the order
of the task series and then the mean or AUC levels for each of the different affective
behaviors were entered stepwise. These regressions revealed that overall arousal across the
task series measured by mean behavior or AUC did not significantly predict pre- or
immediate post-task SAA or cortisol levels.

Discussion

To the best of our knowledge, this is the first demonstration of associative relationships
between individual differences in SNS activity, as measured by sAA, and affective
behaviors in toddlers. The findings suggest that individual differences in SAA levels were
positively correlated with positive affect and approach, across this series of tasks and not
simply overall levels of expressed emotion and affective behavior. We demonstrated that
these behaviors also occurred with the greatest frequency and intensity. This is in contrast to
the observation that salivary cortisol levels were associated specifically with individual
differences in expression of negative affect and withdrawal behaviors. These findings
underscore the idea that the affective, behavioral and contextual processes in early childhood
that are correlated with SNS activation may be different than those processes correlated with
HPA axis activation, and have several noteworthy implications.
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The integration of SAA into developmental science is a relatively recent phenomenon. In
fact, the first studies to do so were reported within the past few years (Granger et al., 2006).
Not surprisingly, knowledge regarding the behavioral concomitants and correlates of
individual differences in toddlers’ SAA activity is just now starting to accumulate. Thus,
there are a few possible explanations for the main findings. First, individual differences in
SAA activity are associated with positive affect and in particular those associated with
approach behaviors and boldness. Second, these individual differences in SAA activity are
not associated with these positive behavioral attributes specifically, but these associations
are revealed because positive affective and approach behaviors were the predominant
behaviors observed in the tasks. If this were the case, different patterns of SAA-behavior
associations would be expected as shifting contextual demands across tasks influence the
prevalence of other behavior patterns. A couple recent studies suggest this latter
interpretation is veridical. In the only other study conducted with preschoolers to date, when
SAA was measured in response to anger-inducing tasks (i.e., not-sharing task), higher levels
of SAA were associated with higher levels of expressed anger (Spinrad, Eisenberg &
Granger, 2007) associated with approach motivation. Also, when sAA was measured in
response to a social exclusion task, adolescents with higher levels of internalizing problem
behaviors showed the highest SAA reactivity (Stroud et al., in press). It is possible, that in
contrast to cortisol, SAA-behavior relationships may be more situation-specific and depend
on a confluence of contextual and person factors. Therefore, SAA reactivity can be
associated with both approach and withdrawal behaviors. This notion fits in theory with the
seminal work of Stanley Schachter (1966) revealing that an individual’s interpretation of
autonomic nervous system arousal experimentally induced by injecting epinephrine depends
on feedback from the immediate social context. Future work to explore this “predominant
behavior hypothesis” seems well justified.

A third interpretation of our main findings involves possible temperamental differences in
the baseline sAA levels of children. In the present study, pre-task saliva samples were
collected approximately 10 minutes after children entered the laboratory for the first time.
As sAA reactivity is found to peak approximately 10 minutes post stressor (Gordis et al.,
2006; Stroud et al., 2006), it is possible that children who are temperamentally bold or
exuberant showed pre-task SAA levels that actually reflected the novelty of entering the
laboratory rather than a true baseline measure. So, the children who showed positive affect/
approach behaviors during the tasks may have SNS systems that respond to novel situations.
Using maternal report of temperament, we examined this possibility in a set of post-hoc
correlations. Consistent with this interpretation, toddlers who were rated by mothers as high
in positive emotionality and activity level and low in fear showed high positive affect across
the tasks (rs =.19, .20, —.25 and ps < .05, respectively). In addition, toddlers rated low in
fear exhibited more boldness across the tasks (rs = —.25, —.24 and ps < .05, respectively).

In addition, these findings corroborate what appears to be an emergent pattern linking
individual differences in SAA levels/reactivity to social affiliation, positive emotions, active
coping, and appropriate social behavior in toddlers and adults. In support of this
interpretation, Kivlighan and Granger (2006) reported that higher SAA reactivity during
competition was associated with higher levels of performance, dominance, and interest in
team bonding in young adult collegiate athletes. Parallels between Kivlighan’s findings and
the association between sAA and approach behaviors in the present study may be more than
coincidental because performance, dominance, and team bonding are the predominant and
appropriate behaviors expressed in competitive environments. Moreover, using a daily diary
approach to capture momentary emotions in combination salivary samplings sAA, Adam
and colleagues report positive/engaged adjectives in the diary (e.g., interested,
concentrating, happy, strong, active, excited, cheerful, caring, low sleepy, low tired) as well
as a positive mood and active/engaged factors that emerged from a factor analysis were
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positively associated with SAA levels (personnel communication, November 15, 2007).
Using a similar approach with adults, Nater and colleagues (2007) report momentarily high
levels of positive emotion were related to higher SAA levels (at least at the trend level).
Likewise, in a study of 6-month olds, Kivlighan and colleagues (2005) informal
observations revealed that infants with the highest SAA reactivity to an arm restraint task
showed more appropriate emotion regulation strategies and exhibited the least distress.

Our observations support Bauer and colleagues’ general assumptions (Bauer et al., 2002)
regarding the importance of SNS activity as a moderator of the links between HPA activity
and behavior. That is, lower levels of cortisol in combination with higher levels of SAA,
were associated with lower levels of positive affect and approach behavior. Recent reviews
(e.g., Boyce & Ellis, 2005) hypothesized intricate effects of context on the coordination of
individual differences in SNS and HPA activity with potential to impact differences in
children’s developmental trajectories. Although these theories are well conceived and
articulated, few empirical studies have specifically tested the core assumptions of these
models. In contrast to Gordis et al., (2006; 2007) and EI-Shiekh and colleagues (2008), the
pattern observed here (lower levels of cortisol in combination with higher levels of SAA
were associated with lower levels of approach) fits neither with Bauer’s Additive nor
Interactive models. Clearly, studies are needed that investigate the intrinsic and contextual
determinants of variability in the nature of the interactive relationship between affective
behaviors and the coordination of the SNS and HPA axis. At the very least, our findings
suggest that the generalizability of the additive and interactive models may be limited, and
perhaps these concepts will require some fine tuning once sufficient empirical attention has
focused to actually put the core assumptions to the test.

In the shadow of this studies’ innovative approach and unique set of questions are several
design limitations. First, due to the saliva sampling design, wherein post-task samples were
taken approximately one hour (on average) after pre-task saliva sample, we were unable to
assess the relationship between SNS and HPA reactivity to task-specific affective behaviors.
Our sampling schema did not allow us to determine the reactivity pattern of SAA or cortisol
because of the variation in time to peak levels following novelty or stress: approximately 10
minutes for SAA and approximately 20 minutes for cortisol (Gordis et al., 2006; Stroud et
al., 2006; Dickerso & Kemeny, 2004).. Second, although there is preliminary evidence
suggesting that overall SAA levels and not SAA reactivity is differentially correlated with
approach and withdrawal behaviors encompassed in attachment status during the Strange
Situation Paradigm (Hill-Sodurland et al., 2008), further research that utilizes a saliva
sampling schema specific to both SAA and cortisol reactivity patterns is still warranted to
determine associations with affective behaviors during different challenge tasks. Third,
future studies with the correct saliva sampling schema could utilize designs in which
children are randomly assigned to one of two tasks series: task series that primarily elicit
negative affect/shyness or task series that mainly educe positive affect/boldness in toddlers.
This would allow researchers to determine whether the predominant emotion over the whole
series of tasks is associated with SAA levels or if positive behavioral affect is specifically
linked to SAA levels in toddlers. Fourth, since some of the tasks in the series are designed to
produce high stress reactivity in toddlers, selective attrition in toddlers with the highest
stress reactivity could have occurred as a result of low saliva volume, overall non-
compliance, and high behavioral reactivity (Granger et al., 2007). However, this is likely not
the case in the present study as we found no significant differences in the affective behaviors
of toddlers who did and did not provide pre and post-task saliva samples. Lastly, the sample
size limits the power to test and detect associations between the affective behavior and the
interaction between SNS and HPA activity. Moreover, the homogeneous nature of the
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sample of toddlers (primarily Caucasian and middle class) limits the generalizability of
results. Overall, these limitations highlight that future studies should aim to incorporate
physiological sampling designs that are specific to the multiple markers when examining
affective behavioral correlates of SNS and HPA activity in diverse populations from varying
levels of SES.

Despite these constraints, this study contributes to the literature by describing a novel
pattern of bio-behavioral relationships in early childhood. The findings suggest that the
physiological systems associated with stress response, SNS and HPA axis, may act
differentially depending on the context-specific behaviors that are elicited. In particular,
SNS activity, as measured by sAA levels, may be associated with the predominant, affective
behaviors in a given situation or the specific behaviors or traits of positive affect and
approach in toddlers; while, HPA activity is associated with the specific behaviors of
negative affect and withdrawal. To determine the “value” of this phenomenon in relation to
child development more generally, future work needs to test continuity and discontinuity in
SNS and HPA-behavior associations across situations within individuals and developmental
periods, and (more importantly) within individuals across development stages (Granger &
Fortunato, 2008). It may be of particular importance to include SAA in conjunction with
cortisol in studies that investigate children of varying higher-order, temperamental
characteristics (e.g., exuberance and approach versus behavioral inhibition and withdrawal)
across different contexts in order to determine if the predominant, affective behaviors
elicited by children with different temperaments are associated with certain patterns of sAA,
as well as sAA and cortisol interactions.
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Figure 1.
Mean affective behavior across the series of tasks demonstrate that approach and positive

affect were the predominant behaviors.
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Figure 2.

The interaction effect of approach and positive affect behavioral scores across the entire task
series were significantly associated with pre-task SAA levels such that increased frequency/
intensity of approach and positive affect behaviors were related to higher pre-task SAA
levels; while, decreased frequency/intensity of approach and positive affect were related to
lower pre-task sAA.
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Table 1

Cortisol (ug/dl) and Salivary Alpha-Amylase (U/mL) means and (standard deviations) for toddlers before and
immediate post-task and 20-minute post-task.

Pre-task  Immediate Post-task  20-min Post-task

Alpha Amylase  43.61 (35.05) 65.75 (73.06) 40.43 (59.21)
Cortisol 23 (:24) 17 (13) 15 (.11)
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